The safety of 4 weeks' continuous use of NEWA TM , a high-frequency facial treatment appliance, every alternate day at home was verified, and its efficacy was evaluated in Japanese individuals with healthy skin aged 30 years or older who complained of sagging of the facial skin. Transepidermal water loss (TEWL), melanin levels, erythema levels, sebum secretion levels, skin color changes and wrinkle improvement in the facial skin were measured before the appliance began to be used (study baseline), at 2 and 4 weeks after it had begun to be used, and at 2 weeks after completion of the 4-week treatment period (6 weeks from the study baseline). In addition, data obtained by subjective evaluation by the subjects themselves on a visual analog scale (VAS) were also analyzed. Furthermore, skin biopsies were obtained from 3 subjects under local anesthesia with a 3-mm punch on two occasions, the first before the appliance began to be used and the second at 1 week after the 4-week treatment period (i.e., at 5 weeks from the study baseline), and the specimens obtained were stained with hematoxylin and eosin (HE) for light microscopy and subjected to immunohistochemical analysis for proliferating cell nuclear antigen (PCNA) and p53. There were no adverse reactions, and the treatment was effective for skin color changes and wrinkle improvement. The VAS results also showed improvement in the skin sagging. Histopathological examination revealed no marked changes in the epidermis and very mild lymphocytic infiltration in the upper dermis, mainly around the blood vessels and appendages. Immunohistochemistry revealed strongly positive staining for PCNA in the basal layer of the epidermis and positivity in almost all layers of the epidermis at 5 weeks from the study baseline. P53 staining was negative. The above results suggest the safety of NEWA TM
Introduction
At present, many home-use beauty devices are available in the market. In particular, many products developed for facial treatment use light, e.g., a flash lamp or a light-emitting diode (LED).
In this study, we evaluated the safety and efficacy of continuous use of a home-use high-frequency facial treatment appliance that uses radiofrequency (RF) waves, the "NEWA".
Subjects and Methods
A total of 20 Japanese individuals (all females, aged 37 to 52 years) aged 30 years or older with healthy skin who complained of facial skin sagging were given a home-use high-frequency facial treatment appliance, the NEWA TM (EndyMed Medical Ltd., Israel; approved by the United States Food and Drug Administration [FDA] in August 2013), for continuous use, every alternate day, for 4 weeks ( Table 1 ). The subjects were instructed to use the appliance as follows: After face cleansing and washing, a dedicated conductive gel (certified by the FDA) was to be applied to the electrode of the appliance, and the appliance was to be moved slowly in a circular motion continuously for 4 minutes, with the electrode in contact with the face, from below the eyelid to the mandible. After 4 minutes, when the high-frequency wave generation automatically ceased with the vibration of the appliance, the appliance was to be moved to the opposite side of the face. The self-treatment was to be completed in approximately 8 minutes.
The following examinations were performed before the appliance began to be used, at 2 and 4 week after it had begun to be used, and at 2 weeks after the 4-week treatment period (i.e., at 6 weeks from the study baseline). 1) TEWL: Measured with Tewameter TM3000 (Courage + Khazaka) 2) Melanin and erythema levels: Measured with Mexameter MX18 (Courage + Khazaka)
3) Sebum secretion level: Measured with Sebumeter SM815 (Courage + Khazaka) 4) Changes in skin color (brightness): Facial images of the subjects were taken using re-Beau SKIN IMAGING SYSTEM (R) (JMEC), a skin image analysis system, to evaluate the changes in brightness (V: value) in the entire facial images and in specified areas. Furthermore, the brightness (V) in fixed areas was automatically measured by the system according to a program. 5) Evaluation of wrinkle improvement Natural light images obtained at the start of study and at 6 weeks from the study baseline with the "re-Beau SKIN IMAGING SYSTEM (R) " as described above were randomly blinded, and wrinkles at the corners of the eyes were evaluated by two third-party photograph-evaluating physicians according to the wrinkle grade guidelines of the Japanese Cosmetic Science Society. 6) A questionnaire survey on the subjects' self-evaluation was conducted using a self-rating system, etc.
VAS scores for the level of satisfaction with wrinkles/sagging (0: dissatisfied, 10: satisfied) and VAS scores for skin symptoms (dryness, redness, pigmentation, tingling; 0: no feeling at all, 10: strong feeling) were obtained.
Furthermore, to examine the histopathological changes, skin biopsies were obtained in 3 subjects from the mandible region under local anesthesia with a 3-mm punch on two occasions: the first before the appliance began to be used, and the second at 1 week after the 4-week treatment period (i.e., at 5 weeks from the study baseline). The specimens obtained were stained with HE and subjected to immunohistochemical analysis for PCNA and p53.
This study was conducted with the approval of the Ethics Committee of the Japan Aesthetic Dermatology Symposium (July 27, 2016).
Results
There were no significant differences in the TEWL (Figure 1 TEWL. The vertical axis shows TEWL, and the horizontal axis shows time. There were no significant differences in the TEWL recorded before and at 2, 4 or 6 weeks after the study baseline. Figure 2 . Melanin levels. The vertical axis shows melanin levels measured, and the horizontal axis shows time. There were no significant differences in the melanin levels recorded before and at 2, 4 or 6 weeks after the study baseline. Figure 3 . Erythema levels. The vertical axis shows the erythema levels measured, and the horizontal axis shows time. There were no significant differences in the erythema levels recorded before and at 2, 4 or 6 weeks after the study baseline.
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In regard to the skin color changes, examination of changes in the brightness (V: value) in the whole facial images and in specified areas revealed that the brightness had improved significantly (p < 0.05) in both the left and right cheeks. Evaluation of wrinkles at the corners of the eyes in natural light images according to the wrinkle grade guidelines before and 6 weeks after the study baseline revealed significant (p < 0.05) improvement in both the left and right cheeks ( Table 2) .
Subjective evaluation by the study subjects themselves revealed an improvement of the mean sagging score from 1.99 before the start of treatment to 5.60 after 4 weeks of treatment. However, by 2 weeks after completion of treatment (6 weeks from the study baseline), the mean score decreased to 4.53 (Figure 4 ). In addition, the subjective evaluation of pigmentation also revealed that the mean pigmentation score decreased from 6.91 before the start of treatment to 2.31 and 3.09 after two and four weeks of treatment, respectively. The mean score remained Table 2 . Evaluation of wrinkle improvement. Evaluation of wrinkles at the corners of the eyes using natural light images according to the wrinkle grade guidelines revealed decrease of the mean scores in both the left and right cheeks from 3.08 before the appliance began to be used to 2.74 at 6 weeks from the study baseline and from 2.87 to 2.32, respectively, indicating a wrinkle-improving effect. Figure 4 . Improvement in sagging (VAS method). The subjective evaluation of sagging (0: dissatisfied, 10: satisfied) revealed an improvement of the mean score from 1.99 before the appliance began to be used to 5.60 after 4 weeks of treatment. However, at 2 weeks after discontinuation of use (6 weeks from the baseline), the mean score decreased to 4.53. Figure 6 ). P53 staining was negative. Figure 5 . HE findings at 1 week after treatment completion (5 weeks from the study baseline). There were no marked changes in the epidermis, and very mild lymphocytic infiltration in the upper dermis, mainly around the blood vessels and appendages. Figure 6 . PCNA staining at 1 week after treatment completion (5 weeks from the study baseline). PCNA was strongly positive in the basal layer of the epidermis and positive in almost all layers of the epidermis.
Discussion
Noninvasive and less invasive treatments, as compared to conventional cosmetic surgery, including treatments using energy such as laser, visible right, infrared radiation, electromagnetic waves (RF) and ultrasound and injection therapy, In addition, NEWA has safety features, in that it has a temperature sensor and motion sensor, and if the skin temperature increases excessively for some reason, such as continuous contact of an electrode with the same area, the high-frequency wave generation will cease. It also automatically ceases 4 minutes after the start of high-frequency wave generation, preventing overtreatment.
Because NEWA uses RF waves as an energy source, energy may reach deeper areas of the skin than in the case of light. Therefore, adverse reactions, such as dryness, tingling, erythema and pigmentation on the skin surface, may occur. In our study, we observed no significant changes of the TEWL, melanin levels or erythema levels, and the above adverse reactions were objectively confirmed to be absent. In addition, in the responses to the questionnaire survey, the subjects did not report adverse reactions such as dryness, redness or tingling throughout the study period.
Between July and December 2016, 5342 products have been shipped, and the following adverse events have been reported: contact dermatitis due to the gel (13/5342 cases, 0.24%), erythema with itching (7 cases, 0.13%), acne-like papules (1 case, 0.01%) and metal allergy symptoms (1 case, 0.01%). From the data of the present study and adverse reactions reported to date, the NEWA is considered to be almost entirely safe as a home-use facial treatment appliance.
In regard to the efficacy, it is known that treatment with medical RF waves is effective up to deeper layers of the dermis than laser treatment and also outside T. Omi the irradiated area. The use of the appliance also resulted in improvement of the wrinkles at the corners of the eyes, as evaluated according to the wrinkle grade guidelines of the Japanese Cosmetic Science Society [6] at 6 weeks from the study baseline. It is speculated that the effect of 4-weeks' treatment persisted for at least 2 further weeks, although no time-course evaluation was performed. The VAS score for sagging skin also improved throughout the study period (from before to 4 weeks after the study baseline). The score somewhat worsened again at 6 weeks from the study baseline. This could be because of actual worsening of the sagging due to discontinuation of treatment, however, the psychological influence of treatment discontinuation can also not be ruled out. Although there are problems with the definitions of the words, wrinkles and sagging, it can be said that facial beauty was improved in general. The VAS score for pigmentation, although subjective, decreased, and it can be said that the subjects themselves at least felt that there was an improvement in the skin color, if not an actual decrease in pigmentation.
Histopathological examination revealed no structural changes in the epidermal or dermal layers, but revealed very mild lymphocytic infiltration in the dermis. In addition, the epidermis showed a clearly positive reaction for PCNA as compared to the control.
Many RF devices for medical facial treatment have been developed, and many clinical and histological studies using these devices have been reported. The appliance used in this study, although the responses were weak, also uses similar RF waves, which was most likely involved in the skin regeneration. It is speculated to have contributed to both improvement of the wrinkles and that of sagging skin, and improving facial beauty on the whole. The occurrence of a certain degree of inflammatory cell infiltration and positivity for PCNA, which indicates cell activation [5] [7] , during the treatment are also consistent with the results of the histopathological examination in this study. In particular, phototherapy is often effective not only in the application area, but also outside the application area, unlike cosmetics, etc., and partial treatment using medical devices is most likely to lead to an improvement in the whole face [8] . The product used in this study seems to have weak effects, because it is for home use, but it could contribute to improving facial beauty, considering the mechanism of action of RF waves.
The above results suggest the safety of NEWA, which was evaluated in this study, as a home-use appliance, and that the appliance exerts a skin-improving effect without downtime.
In many Western countries, legal standards for beauty equipment for medical use and for beauty salon use have been established, but standards for home-use beauty equipment vary [9] [10]. In Japan, almost all equipment is sold under the category of miscellaneous goods. Burns and other troubles due to the strong power of facial treatment appliances imported by agencies from China and Taiwan have also been reported. Likewise, administrative guidance has been given
